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(g) Inhibition of autoimmune diseases. 

(g) A method of inhibiting autoimmune diseases comprising administering to a human in need thereof an 
effective amount of a compound having the formula 



OCH 2 CH 2 — R 2 




(I) 



CO 
CM 



s 



wherein R 1 and R 3 are independently hydrogen, -CH 3> 

O O 

-C-(Ca-C 6 alkyl)^ or -C-Ar ^ 

wherein Ar is optionally substituted phenyl ; 

R 2 is selected from the group consisting of pyrrolidine, hexamethyleneamino, and piperidino ; or a 
pharmaceuticaily acceptable salt of solvate thereof. 
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Autoimmune diseases involve aberrant regulation of cellular and humoral mediated immunity and are fre- 
quently associated with abnormal or enhanced T cell. B cell and macrophage effector ZSons ZZ Z 

HreS n ZSL 71 " 8 f Vati0n 01 thSSe Ce, ' Ular COmp ° nentS •* antige^ SE£JS2£ 

the break m feedback mechanems associated with self tolerance. Autoimmune diseases encompass a whole 
5 spectrum of Cmcal entities and despite the differences in the target organ have many sim"SiZ^t 
elude he,r preponderance in females of child bearing age with a female to male ratio ^ing f mm 50 iTn 

,f . ', ?L add,t,on> tnese d 'seases are all characterized by their chronicity the tendency of 

chmcal rem,ss,on and flare ups' for poorly understood reasons, and the involvement SSm^SSmu 

oeN f^ZlTT f 85, in h aPProPriate eXPreSSi ° n ° f daSS " anti 9 ens ' -crephage ac3o„ and T 
cell .nf.ltrat.on to the target organ have been described in essentially all of the autoimmune diseases netther 
the tnggenng mechanisms which result in disease activation nor disease progression J^SKlSE 
cordmgly therapyfor these diseases is lately unsatisfactory and involves me use rtgoW^m^o^tT 
anfmalanals. glucocorticoids (methylprednisolone). and other immunosuppressives «I\XZllSta£ 

he past decade and pnmanly is associated with the use of nonsteroidal and steroidal antMnf lammaSy agents 
to treat the symptoms of the disease. Clearly while suppression of the specific immune «J22ldI!SS 

t^J^f^^iLTr^ irr suppression as wfth *»~»** ^ 5£S 

Estrogen appears to be involved with autoimmune diseases although its role in disease orooression or 
regression is complex and dependent on the nature of the autoimmune disease. SiSESJXTE^! 
r h h an A me ^ rat ? effeCt ° n rheumatoid arth ntis while having an exacerbatlnglJfect oTsZmfcTuZ 

25 in tLm I S fV? ^ eUm D& ' 5ft139) - EStr096n haS been demo ^rated to have a sup^re^i Se 
25 on T cell funct on and yet an .mmunostimulatory effect on B cells. Therefore, estrogen-like compo^S shou d 
prove benef ,aal ,n dseases associated with activated T cells including rheumatoid arthriS. mXtesdero^fe 

In addition to the suppressive effects of estrogen on T cells, estrogen may have additional protective roles 
Maru.etal ^ 

press.cn of VCAM-1. VCAM-1 is the ligand for VLA-4. the Tcell and macrophage integ^n ZSS wiTtS 
f .ck.ng of these cells out of the vasculature and into the perivascular space and target org^S elSent 
anant^x.dant.rtwou.dbeanticipate^ 

of cells and thus h.nder the immune cascade associated with autoimmune mediated disease 9 
Estrogen plays a detrimental role in other autoimmune diseases including systemic lupus and qlomerulo- 
nephnbs diseases associated with immune complexes. While the mechanism^) response fof esZe^ 
mediated d.sease progression are not known, the ability of estrogen to increase Fc mSiated phagoSs 
(Fnedman etal J. C„n ,nvest. 75:162 (1085). and class II antigen expression and IL-1 production by macT 
phages from estrogen treated rodents (Flynn. Life ScL. 38:2455 (1086) has been reported EnZcemenTof 

inne^n^ 



30 



35 



40 



45 



50 



55 



2 



BNSDOCID: <EP_0664123A1_I_> 



EP0 664 123 A1 



5 



10 




wherein R 1 and R 3 are independently hydrogen, -CH 3f 

I? 

-C-tCt-Ce alkyl) # 

or l 

25 

o 
n 

-C-Ar 

■ * 

30 

wherein Ar is optionally substituted phenyl; 

R2 is selected from the group consisting of pyrrolidine, hexamethyleneimino, and piperidino; and phar- 
maceutically acceptable salts and solvates thereof. 

The current invention concerns the discovery that a select group of 2- phenyl-3-aroyl benzothiophenes 
35 (benzothiophenes), those of formula I, are useful for inhibiting autoimmune diseases and their symptoms. It 
is believed the benzothiophenes disclosed are active against autoimmune diseases by inhibition of T cell func- 
tion, inhibition of class II antigen expression thereby inhibiting macrophage mediated antigen presentation, 
and/or inhibition of release of cytokines including IL-1 , TN F, and other inflammatory mediators. The therapeutic 
and prophylactic treatments provided by this invention are practiced by administering to a human in need there- 
to of a dose of a compound of formula I or a pharmaceutical^ acceptable salt or solvate thereof, that is effective 
to inhibit autoimmune disease or its symptoms. 

The term "inhibit" includes its generally accepted meaning which includes prohibiting, preventing, restrain- 
ing, and slowing, stopping or reversing progression, severity or a resultant symptom. As such, the present meth- 
od includes both medical therapeutic and/or prophylactic administration, as appropriate. 

~45~~ Ah _ autdimmune~disease involves"aberrant"regulation pf cellular and humoral mediated immunity and is 

f requently associated with abnormal or enhanced T cell, B cell, or macrophage effector functions directed to- 
ward self-antigen. Examples of autoimmune diseases includes systemic lupus erythrematosas, Hashimoto's 
thyroiditis, myasthenia gravis, rheumatoid arthritis, multiple sclerosis, Guillan Barre syndrome, and glomeru- 
lonephritis. 

so Raloxifene is a preferred compound of this invention and it is the hydrochloride salt of a compound of for- 

mula 1 wherein R 1 and R 3 are hydrogen and R 2 is 1-piperidinyl. 

Generally, at least one compound of formula I is formulated with common excipients, diluents or carriers, 
and compressed into tablets, or formulated as elixirs or solutions for convenient oral administration, or admin- 
istered by the intramuscular or intravenous routes. The compounds can be administered transdermal^, and 
55 may be formulated as sustained release dosage forms and the like. 

The compounds used in the methods of the current invention can be made according to established pro- 
cedures, such as those detailed in U.S. Patent Nos. 4,133,814, 4,418,068, and 4,380,635 all of which are in- 
corporated by reference herein. In general, the process starts with a benzo[b]thiophene having a 6-hydroxyl 

3 
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20 



25 



f ; ( l hydr °w yPh c eny,) flr ° UP - The Startin9 ^P*™* "» Protected, acylated. and deprotected to form 
the formula I compounds. Examples of the preparation of such compounds are provided in me U S Mtents 

wfth C taNC^ Txvtr^r Pheny '° indUdeS Pheny) an/phen^suCJS o^ or 
tw.ce with C^Ce alkyl, C,-C 4 alkoxy. hydroxy, nitro. chloro. fluoro. or tri(chloro or f luorolmethyl. 

The compounds used in the methods of this invention form pharmaceutical^ acceotable ac id and h»« 

££12^ r ide « nety ° f ° r9aniC in0r9aniC aCk,S and °aseTa^ 
cepteb e salts which are often used in pharmaceutical chemistry. Such salts are also part ofthis ?nvenJior 
Typ.cal inorgan.c acids used to form such salts include hydrochloric, hydrobromic, hydreiodkT nrtric Zuric 
phosphonc hypophosphoric and the like. Salts derived from organic acids, such as a ipSoa'S 
boxyhc acids, phenyl substituted alkanoic acids, hydroxyalkanoic and hydroxyalkandioic ac£s aremaJc acSs 

s^eZZl^ T'° aCidSl ^ alS ° be ^ SuCh P^aceutlSy accepts ££^^55. 
acetate, phenylacetate. tnfluoroacetate. acrylate. ascorbate. benzoate. chlorobenzoate dinitrcbenzoatehv 
droxybenzoate. methoxybenzoate. methylbenzoate. o-acetoxybenzoate. naphthale^-benzSti ^minT 
isobutyrate. phenylbutyrate. 0-hydroxybutyrate. butyne-1.4-dioate. hexyne-1 ^toate ^T'^Zl' 
chloride, cinnamate. citrate, formate, fumarate. glycoHate. heptanoate. S S rnS t 
drexymaleate malonate mandelate. mesylate, nicotinate. isonicotinate. late. J^SSS^tS^ 
late, phosphate, monohydrogenphosphate, dihydregenphosphate, metaphosphate. pyrephospha e propio- 
late, propionate, phenylpropionate. salicylate, sebacate, succinate suberate sulfate hTc.^f P ^S°/ 
sulfite, bisulfite, su.onate. benzene-sulfonate. P-bromophen^f^^^^ 

fonate. 2-hydroxyethanesu.fonate. methanesulfonate. naphthalene-1 -sulfonate. naplZSSiJSS^ 
toluenesuKonate, xylenesulfonate. tartarate. and the like. A preferred salt is the hyd^o^sa^ 

mu . I il£ T ' aCCePtab ' e add additi ° n Sa,tS are W ,caSi y formed by reacting a compound of fer- 

™' ' W i h a " eq "r ° r aXC6SS am ° Unt ° f aCid - The reactants are generally combined in a mutuTsoS 
such as d.ethy. ether or benzene. The salt normally precipitates out of solution within about oSlrto 10 
days and can be .seated by filtration or the solvent can be stripped off by conventional mea^ 

m< J 3 h S H S CO " imon, y USSd f ° r f0nT,ation of sa,ts inc,ude ammonium hydroxide and alkali and alkaline earth 
metal hydroxys, carbonates, as well as aliphatic and primary, secondary and tertiary amfnes aSiSfa 
m,nes. Bases especially useful in the preparation of addition salts include ammonium hydn^dfpoS^um 
carbonate, methylamine. diethylamine. ethylene diamine and cyclohexylamine n y drox,De - POtass.um 

30 The pharmaceutically acceptable salts generally have enhanced solubility characteristics comoared to th* 

compound from which they are derived, and thus are often more amenable to 

Pharmaceutical formulations can be prepared by procedures known in the art. For example the com- 
pounds can be formulated with common excipients. diluents, or carriers, and formed into teZs ca^eT 

35 suspenses, powders, and the like. Examples of excipients. diluents, and carriers tnalare ^ surteble^sS; 
formulations include the following: fillers and extenders such as starch, sugare 
t-es; b,nd,ng agents such as carboxymethyl cel.u.ose and other cellulose derivatives ^ ^ 
polyvinyl pyrrolidine; moisturizing agents such as glycerol; disintegrating agents such as « Sm caroonate 
andsod,um b.carbonate; agents for retarding dissolution suchas paraffin; resorption acx^TerSo^TuS as oua^ 

40 ternary ammonium compounds; surface active agents such as cety. alcohol. 3yce ro ^nostel ra radsont 
sl^^ ^ bent ° nite: ' UbriCantS SUCh 38 ^ ^um^magn^r^raS 
The compounds can also be formulated as elixirs or solutions for convenient oral administration or as sol- 
uhons appropnate for parenteral administration, for instance by intramuscular. subc^teneous^Tntravenous 

« reutesAddrf^^ 

Slal oJnTZ T u ^ C ° nStitUted that th6y re,ease the active in 9 redient °"'y °' prefer aZ- 
the intestinal tract, possibly over a period of time. The coatings, envelopes, and protect m" 
tnces may be made, for example, from polymeric substances or waxes prorecuve ma 

v> toJ^r^lV^?* °? com P° und ^formula I required to inhibii an autoimmune disease or its symp- 
<o toms. according to this invention, will depend upon the severity of the condition, the route of admintetST 
and related factors that will be decided by the attending physician. GeneraHy. accepted I and efS S£ 
doses w,ll be from about 0.1 to about 1000 mg/day. and more typically from about 50 to abou^OO nTg/day 
Such dosages will be administered to a subject in need thereof from once to about three times each fat or 
more often as needed to effectively treat or prevent the disease(s) or symptomfs) 
* It is usually preferred to administer a compound of formula I in the form of an acid addition salt, as is cus- 

JZSTJ*- admin,Strat,0n rf P ha ^utica,s bearing a basic group, such as the piperiZ, ing ft s Z 
ferred to adnmrnster a compound of the invention toan aging human (e.g. a post-menopausal female? For su^ 
purposes the following oral dosage forms are available menopausal female). For such 
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Formulations 

In the formulations which follow, "Active ingredient" means a compound of formula I. 
5 Formulation 1 : Gelatin Capsules 

Hard gelatin capsules are prepared using the following: 





Ingredient 


Quantity (mg/capsule) 


10 


Active ingredient 


0.1 - 1000 




Starch, NF 


0 - 650 




Starch f lowable powder 


0-650 


15 


Silicone fluid 350 centistokes 


0-15 



The ingredients are blended, passed through a No. 45 mesh U.S. sieve, and filled into hard gelatin capsules. 
Examples of specific capsule formulations of raloxifene that have been made include those shown below: 

20 

Formulation 2: Raloxifene capsule 





Ingredient 


Quantity (mg/capsule) 


25 


Raloxifene 


1 




Starch, NF 


112 




Starch f lowable powder 


225.3 


30 


Silicone fluid 350 centistokes 


1.7 



Formulation 3: Raloxifene capsule 



35 


Ingredient 


Quantity (mg/capsule) 




Raloxifene 


5 




Starch, NF 


108 


40 


Starch f lowable powder 


225.3 




Silicone fluid 350 centistokes 


1.7 



45 Formulation 4: Raloxifene capsule 



Ingredient 


Quantity (mg/capsule) 


Raloxifene 


10 


Starch, NF 


103 


Starch f lowable powder 


225.3 


Silicone fluid 350 centistokes 


1.7 



5 
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Formulation 5 : Raloxifene capsule 





Ingredient 


Quantity (mg/capsule) 


5 


Raloxifene 


50 




Starch NF 


150 




Starch f lowable powder 


397 


10 


Silicone fluid 350 centistokes 


3.0 



The specific formulations above may be changed in compliance with the reasonable variations provided. 
A tablet formulation is prepared using the ingredients below: 

15 Formulation 6: Tablets 



Ingredient 


Quantity (mg/tablet) 


Active ingredient- 
Cellulose, microcrystalline 
Silicon dioxide, fumed - • 
Stearate acid , 


0.1 - 1000 
0 - 650 

y 0-650 
0-15 



The components are blended and compressed to form tablets. 

Alternatively, tablets each containing 0.1 - 1000 mg of Active ingredient are made up as follows: 

Formulation 7: Tablets 

30 : 





Ingredient 


Quantity (mg/tablet) 




Active ingredient 


0.1 - 1000 


35 


Starch 


45 




Cellulose, microcrystalline 


35 




Polyvinylpyrrolidone (as 10% solution in water) 


4 


40 


Sodium carboxymethyl cellulose 


4.5 




Magnesium stearate 


0.5 




Talc 


1 



45 ■ : : : ' : 

The Active ingredient, starch, and cellulose are passed through a No. 45 mesh U.S. sieve and mixed thor- 
oughly. The solution of polyvinylpyrrolidone is mixed with the resultant powders which are then passed through 
a No. 14 mesh U.S. sieve. The granules so produced are dried at 50°-60° C and passed through a No. 18 mesh 
U.S. sieve. The sodium carboxymethyl starch, magnesium stearate, and talc, previously passed through a No. 

50 60 U.S. sieve, are then added to the granules which, after mixing, are compressed on a tablet machine to yield 
tablets. 

Suspensions each containing 0.1 - 1000 mg of Active ingredient per 5 mL dose are made as follows: 



6 
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Formulation 8: Suspensions 



Ingredient 


Ouantitv fma/5 mh 


Active Ingredient 


f\ A i AAA VMM 

0.1 - luuu mg 


Sodium carboxymethyl cellulose 


50 mg 


Syrup 


1.25 mg 


Benzoic acid solution 


0.10 mL 


Flavor 


q.v. 


Color 


qv. 


Purified water to 


5mL 



The Active ingredient is passed through a No. 45 mesh U.S. sieve and mixed with the sodium carboxymethyl 
cellulose and syrup to form a smooth paste. The benzoic acid solution, flavor, and color are diluted with some 
of the water and added, with stirring. Sufficient water is then added to produce the required volume. 

ASSAYS - ..J * 

Assay 1 - / - 

25 The procedure as set out in Holmdahl et at., Clin. Exp. Immunol., 70 f 373-378 (1987) (herein incorporated 

by reference) is carried out Four to thirty female mice, aged approximately 8-10 weeks, are ovariectomized. 
Administration of a compound of the invention is begun within three weeks after castration on the experimental 
group. After one week of administration of a compound of formula 1, the mice are immunized with rat type II 
collagen. The mice are graded for clinical severity of arthritis, as set out in Holmdahl ef a/., Arthritis Rheum., 

30 29, 106 (1986), herein incorporated by reference. Sera are collected, and assayed for anti-type II collagen re- 
active antibodies. At the termination of the experiment, spleen cells are obtained from the mice for determi- 
nation of T cell activity. 

Activity is illustrated by a reduction in titer of anti-collagen type II antibodies determined by conventional 
ELISA assay. Reduction in T-cell reactivity to type II collagen presented to splenic T-cells by antigen presenting 
35 cells is evaluated by quantitation of DNA synthesis by thymidine uptake. Finally, clinical severity of disease is 
evaluated daily by defining first signs of erythema and swelling of one or more limbs. Clinical assessment is 
correlated with histologic examination. 

Assay 2 . - - - ' 

40 

Between four and thirty young adult female Sprague-Dawley rats are fed animal chow and water ad libitum. 
The experimental group receives a compound of formula 1 , and all rats receive rat cord generally as described 
in Arnason ef a/., Arch. Neurol., 21, 103-108 (1969), incorporated herein by reference. The rats are graded for 
si gns of experimental allergic encephalomyelitis (EAE). Between three and seven weeks after administration 
a compound of formula 1 began, the rats are sacrificed, their spinal cords removed and examined. 

Activity is illustrated by the ability of a compound to inhibit EAE. 

ASSAY 3 

60 Between five and fifty mice (MRL/lpr and NZB) are used. Reduction of anti-DNA antibodies, quantitated 

by ELISA, as well as changes in survival time and histologic exam of kidneys are evaluated parameters. The 
mice are dosed with compounds of the invention and are evaluated using the above parameters for disease 
progression. 

55 ASSAY 4 

Five to fifty women are selected for the clinical study. The women are postmenopausal, i.e., have ceased 

7 
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Claims 

1. The use of a compound having the formula 



OCH 2 CH 2 — R 2 




(I) 

wherein Ri and R» are independently hydrogen, -CH 3> 

o 

II 

C— (C r C 6 alkyl) 



or 



O 



II 



C— Ar 



50 



wherein Ar is optionally substituted phenyl; 

ceptawTsaVor^v^!^ 9 ^ """""J ° f Pyrr ° lidin ° a " d piperidino: or 8 Pharmaceutical* ac 
oTsease ' Dre P arat ' on <* * medicament useful for inhibiting an autoimmune 



disease. 

55 2. The use of Claim 1 wherein said compound is the hydrochloride salt thereof. 
3. The use of Claim 1 wherein said medicament is prophylactic. 



8 
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4. The use of Claim 1 wherein said compound is 



5 



10 



15 




or its hydrochloride salt. 

20 
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